The objective of the study was to compare the outcome of poststernotomy mediastinitis (PSM) caused by methicillin-resistant and methicillin-susceptible Staphylococcus aureus (MRSA and MSSA, respectively). Hospital records of 41 patients with S. aureus PSM who were all treated by closed drainage from 1 ). PSM-related death and treatment 8.65 P p .04 failure were significantly higher in the MRSA group than in the MSSA group ( and .02, respectively). P p .03 Logistic regression analysis revealed that MRSA was the only independent risk factor for overall mortality. In conclusion, the clinical outcome of PSM caused by MRSA is poorer than that caused by MSSA.
is endemic, a substantial proportion of PSM cases is caused by this organism.
Many uncertainties remain about the relative virulence of MRSA and methicillin-susceptible S. aureus (MSSA) strains. Studies that have compared mortality in patients who are infected with MRSA with patients who were infected with MSSA have yielded contradictory results [9] [10] [11] [12] [13] . One of the reasons for this discrepancy might be the heterogeneity of the groups that were compared. The aim of the present study was to compare risk factors and outcomes of cardiac surgery patients who underwent similar surgical treatment and who developed PSM caused by MRSA or MSSA.
PATIENTS AND METHODS
Study population. From 1 April 1996 through 1 February 2000, 41 patients who underwent a cardiac surgical procedure via a median sternotomy developed PSM related to S. aureus. Mediastinitis was defined as Downloaded from https://academic.oup.com/cid/article-abstract/32/6/877/306578 by guest on 22 December 2018 a deep wound infection associated with sternal osteomyelitis, with or without infected retrosternal space, that needed surgical debridement [14] . Patients who developed PSM caused by other pathogens or who had polymicrobial infection were excluded from the study.
Management of PSM. PSM was suspected in the presence of local signs (wound discharge, pain or tenderness, or sternal instability), general clinical features (fever or unexplained poor postoperative recovery), and laboratory findings (leukocytosis, positive blood culture results, or positive results on culture of the aspiration of the mediastinum). As soon as the diagnosis was strongly suspected, iv antibiotic treatment was instituted. In the absence of positive culture results, empiric antistaphylococcal therapy was administered via a combination of oxacillin or vancomycin with aminoglycosides. All patients underwent surgery on an urgent basis according to a technique described elsewhere [15, 16] . In brief, the sternotomy was totally reopened. Extensive debridement of skin, subcutaneous tissue, nonviable muscle, and bone was performed until normal bleeding was attained. All fibrinopurulent and necrotic material was removed from the pericardial cavity. The wound was copiously irrigated with 10% povidone-iodine solution (Betadine). Drainage was performed by placing Redon catheters, which are small, multiperforated, rigid tubes, into all infected areas of the mediastinum and pleural cavities. After closure, Redon catheters were connected to plastic bottles under a strong negative pressure (Ϫ700 mm Hg). Every 3 days, the bottles' drainage fluid was collected and sent for microbiological culture. After at least 10 days of closed drainage, catheters were progressively removed (2 cm daily). The patients were given antibiotics to which the microorganisms were not resistant; antibiotic therapy was continued for an overall treatment duration of 4-6 weeks.
Microbiological methods. After isolation, the strains were identified as S. aureus by use of the heat-stable nuclease test and slide test for the detection of clumping factor (Diagnostic Pasteur). Resistance to methicillin was detected by means of disk diffusion testing with Mueller-Hinton agar (Diagnostic Pasteur) that was supplemented with 40 g/L of NaCl and incubated for 24 h at 37ЊC.
Data collection. Hospital records were reviewed retrospectively. Obesity was defined as a body weight of 1120% of normal weight, as estimated by means of the Lorentz formula. Diabetes was defined as the need for medication with an antidiabetic drug. Preoperative renal insufficiency was determined by the presence of serum creatinine levels of 11.5 mg/dL (130 mmol/L). The incubation period duration was defined as the interval between the initial surgical procedure and reoperation for PSM. Mediastinitis was classified into 4 subtypes, as described by El Oakley and Wright [14] , on the basis of the presence or absence of incremental risk factors for PSM, the duration of the incubation period, and previous failed therapeutic trials. Life-threatening complications that were recorded included secondary prosthetic valve endocarditis, massive mediastinal hemorrhage caused by vascular or cardiac rupture, and occurrence of multiple organ dysfunction. Treatment failure was defined as the inability of the technique to cure the local infection, thus leading to reintervention, or as the death of the patient as a consequence of mediastinal infection. Followup information was obtained during April 2000 by means of telephone interviews of the patients, the patients' relatives, or the referring physicians; inquiries were made regarding reintervention for recurrent mediastinitis and cause and date of death. Complete follow-up information was available for all patients. Mean follow-up time (‫ע‬SD) was months 12.5 ‫ע‬ 14.0 per patient.
Statistical analysis. Statistical analysis was performed by use of SPSS statistical software, version 9.0 (SPSS). Continuous variables were expressed as means ‫ע‬ SD and were compared by use of an unpaired 2-tailed t test. Categorical variables, expressed as percentages, were analyzed by use of x 2 test or Fisher's exact test. Survival data were analyzed by use of the standard Kaplan-Meier actuarial techniques for estimation of survival probabilities and were compared by use of the logrank test. To identify risk factors for overall mortality and mediastinitis-related death, univariate analysis of preoperative, procedure-related, and mediastinitis-related variables was performed by comparing different subsets of patients. To evaluate independent risk factors for overall mortality and mediastinitisrelated death, significant or marginally significant ( ) uni-P р .2 variate risk factors were examined by means of forward stepwise logistic regression analysis. Coefficients were computed by use of the method of maximum likelihood. A 2-tailed P value of !.05 was considered statistically significance.
RESULTS

Patient characteristics and details of initial cardiac surgical procedure.
Of the 41 patients included in the study, 26 patients (63.4%) developed PSM caused by MSSA and 15 (36.6%) developed PSM caused by MRSA. Table 1 shows the clinical characteristics of the 2 groups of patients. No significant differences were found between the 2 groups with regard to age, sex, and preoperative cardiac status. The prevalence of the classical preoperative risk factors for mediastinitis (including obesity, chronic bronchopulmonary airway disease, and use of immunosuppressive drugs) [14] were not significantly different between the 2 groups. However, there was a trend toward an increased prevalence of diabetes and renal failure among MRSA patients in comparison with MSSA patients, but this failed to achieve statistical significance.
Details of the initial surgical procedure are presented in table ). P p . 23 The immediate postoperative course was characterized by a need for autologous blood transfusion in 20 patients (76.9%) in the MSSA group and 10 patients (66.7%) in the MRSA group ( ). One patient in the MRSA group needed mediastinal P p .5 reexploration for postoperative bleeding.
Mediastinitis. Mediastinitis developed after a mean incubation period of days in the MSSA group and of 18.0 ‫ע‬ 9.5 days in the MRSA group ( ). A concomitant 21.9 ‫ע‬ 18.5 P p .40 bloodstream infection was associated with mediastinitis in 22 patients (84.6%) in the MSSA group and 12 patients (80.0%) in the MRSA group ( ). Six patients had septic shock P p .70 at the time of surgical debridement for mediastinitis, 3 (11.5%) of whom were in the MSSA group, and 3 (20.0%) were in the MRSA group ( ). figure 1) . Logistic regression analysis P p .04 identified only MRSA infection as an independent risk factor for postoperative overall mortality (table 5) .
Mediastinitis-related death. Of the 13 deaths, 3 (11.5%) were directly attributable to mediastinitis in the MSSA group and 6 (40.0%) in the MRSA group (table 4). Actuarial estimates for freedom of mediastinitis-related death at 1 month, 1 year, and 3 years were in the MSSA group and 88.1% ‫ע‬ 6.4% in the MRSA group ( ; figure 2) . No 60.0% ‫ע‬ 12.6% P p .03 significant risk factor for mediastinitis-related death was identified by means of multivariate analysis (table 5) .
Recurrent mediastinitis. Six patients required reintervention for recurrent mediastinitis, 3 (11.5%) of whom were in the MSSA group and 3 (20.0%) of whom were in the MRSA group ( figure 4) . P p .02
DISCUSSION
The impact of methicillin resistance on the mortality of various infections remains controversial. Several studies have attempted to compare the outcome of nosocomially acquired MSSA and MRSA infections. Some authors have included in their studies patients who developed any type of MSSA or MRSA infections [17, 18] . Consequently, these studies are com- In an effort to homogenize the study populations, other authors have only selected patients who presented with MSSA or MRSA bacteremia. Three studies have observed similar mortality rates in patients who have MRSA and MSSA bacteremia [9] [10] [11] . In contrast, 3 other studies have reported that methicillin resistance is a significant and independent risk factor for death in patients who have episodes of S. aureus bacteremia [12, 13, 19] . However, in some of these studies, conclusions were based on overall hospital mortality rate rather than mortality rate caused by S. aureus bacteremia. Furthermore, the source of infection may play an important role in the prognosis of S. aureus bacteremia [12, 13] . In a case-control study of 136 patients with documented S. aureus bacteremia, Conterno et al. [13] learned that, in addition to occurrence of shock and resistance of S. aureus to methicillin, the source was a significant and independent risk factor for mortality.
The present report reviews short-and midterm results for 41 patients who developed S. aureus PSM. The surgical and medical management of PSM was standardized for all patients and is not likely to account for the observed difference between groups. We found that MRSA mediastinitis was associated with higher rates of overall mortality, mediastinitis-related death, and treatment failure, as compared with MSSA mediastinitis. Our findings are in agreement with those of a prospective study carried out by Rello et al. [20] . They evaluated 38 cases of MSSA and 11 cases of MRSA ventilator-associated pneumonia; hospital mortality that was directly related to pneumonia was significantly more common in patients with MRSA infection (RR, 20.72; 95% CI, 2.78-154.35). The comparatively worse clinical outcome of MRSA-infected patients may be related to host factors, differences in microbial virulence of the strains, and therapeutic difficulties.
Outbreaks of infection with nosocomial MRSA commonly happen in critical care areas (e.g., areas where patients are treated for postoperative, traumatic, or thermal injury resulting in disruption of the mucocutaneous barriers) [21] . When evaluating risk factors for mortality in patients with S. aureus infection, many studies have pointed out the importance of patient age [13, 20] and of underlying diseases, such as kidney failure [11] . In our study, trends toward higher rates of diabetes and renal failure were observed in the MRSA group, but they failed to achieve statistical significance, probably because of the small size of the patient groups.
Some authors have observed a higher incidence of bloodstream infection with MRSA as compared with MSSA in humans [20] . It is possible that differences in staphylococcal invasiveness or adherence could render the occurrence of bacteremia more likely. However, in our study, there was no significant difference between the 2 groups with regard to positive blood culture results. A trend toward higher rates of septic shock was observed in the MRSA group, but it did not reach statistical significance.
Studies of experimental infection in mice have shown MRSA and MSSA strains to be equally virulent [22] . In several in vitro studies, MRSA and MSSA strains have been shown to possess similar virulence factors, adherence properties, and bacteriological pathogenicity [9, [22] [23] [24] [25] . Duckworth and Jordens [26] even found significantly less attachment of MRSA to cells and fibronectin compared with methicillin-sensitive strains. In contrast, other studies indicate that many MRSA strains are prob- ably better equipped than MSSA to cause disease. Some authors have reported that nosocomial MRSA isolates produce significantly more antiphagocytic coagulase [23] and catalase [22] than do methicillin-sensitive stains. The catalase content of S. aureus correlates well with intraphagocytic survival of the microorganism [27] and, therefore, may represent an important virulence factor. Enterotoxins are biologically active substances that are produced by S. aureus that have been shown to be important in the pathogenesis of staphylococcal infections. Jordens et al. [28] reported that enterotoxin A was produced by MRSA but not by MSSA. Therefore, differences in microbial virulence remain controversial, but they might have contributed to the results observed in our study.
Romero-Vivas et al. [12] , in a prospective study of 184 cases of S. aureus bacteremia, showed a relationship between mortality and methicillin-resistance (OR, 3), meningitis (OR, 13), and also inadequate antibiotic treatment (OR, 11). Patients suspected of being infected with PSM receive immediate empiric, broad-spectrum antimicrobial therapy that is usually effective against MSSA strains; however, MRSA might not respond to these regimens. This may lead to a delay of a few days in the initiation of specific treatment for MRSA, until the sensitivity of the strains isolated is known. While studying S. aureus bacteremia in cancer patients, Marty and colleagues [10] found that blood culture results of patients who were infected with MRSA strains remained positive for a longer time than did the cultures of patients who were infected with MSSA strains. In our study, time to achieve negative culture results of the drainage effluents was longer in the MRSA group than it was in the MSSA group, although the difference did not achieve statistical significance.
In summary, our study suggests that MRSA mediastinitis is associated with higher rates of overall mortality, mediastinitisrelated mortality, and treatment failure, as compared with MSSA mediastinitis. This difference might be explained by several factors, including patient comorbidities, intrinsic microbial virulence of MRSA strains, and difficulties in achieving effective antimicrobial therapy.
